Introduction: Hand, foot, and mouth disease (HFMD), an enteroviral disease has emerged as a major emerging infection in India. This is caused most commonly by enterovirus 71 (EV71) and coxsackievirus A16 (CVA16) but can also be due to CVA4-10, CVA24, CVB2-5, and echovirus 18 (Echo18). Virological analysis of the cases of HFMD has been infrequently done in India. West Bengal is one of the worst affected states in India. Objective: To document the clinical and etiological aspect, the changing patterns and clinic-virological correlation. Method: a total of 62 samples of throat swab were collected from affected children over 3 successive years in Kolkata, West Bengal, India. Result: Five cases had a previous history of HFMD during the last 1-5 years. Fever was usually of mild degree (highest 102°C). There was no apparent correlation between fever of >100°C and a positive test. There was no correlation of viral strain and clinical severity. A test positive for the Viral RNA was noted among 64.51% (40/62) cases. Multiple strains were characteristically present in each year. CVA6, EV71 were found in 2013, CVA6, EV71 in 2014, and CVA6, CVA16 in 2015. Conclusion: Presence of multiple strains explained the frequent occurrence of relapses. We expect this small study will serve as an important document for all future studies on HFMD.
Introduction
Hand, foot, and mouth disease (HFMD) has emerged as a major emerging infection in India. [1] Progressively larger scale of involvement, mostly of pediatric population, in West Bengal, is found in India since its first reported detection in 2007. [2, 3] HFMD is an enteroviral disease, caused most commonly by enterovirus 71 (EV71) and coxsackievirus A16 (CVA16). Other strains such as CVA4-10, CVA24, CVB2-5, and echovirus 18 (Echo18) can also rarely cause HFMD. [4] Enteroviruses (picornaviridae family) can be classified into coxsackie Group A (Types 1-22, 24), coxsackie Group B (Types 1-6), echoviruses (Types 1-7, 9, 11-27, 29-34), and enteroviruses (Types 68-71).
EV71 is a human enterovirus A species. [5, 6] EV71 is a nonenveloped, positive, single-stranded RNA virus. It has four structural capsid proteins, including VP1, VP2, VP3, and VP4. [7] VP1 capsid antigen contains highly variable genetic sequences and is possibly most pathogenic. In comparison to other viruses, EV71-induced HFMD may lead to more serious complications such as brainstem encephalitis, cardiopulmonary disorders, and may even lead to fatalities. [4] HFMD is transmitted through direct contact with the infected mucus, saliva, or feces or indirectly through contact with contaminated surfaces. [8] Pathogenesis of HFMD is yet elusive. The presence of proinflammatory mediators such as interleukin (IL)-4, IL-5, IL-22, IL-23, IL-2, tumor necrosis factor-a, IL-1b, IL-6 and high-mobility group box 1 have been suggested to mediate a key role. [4, 6, 9] So far, there are no effective antiviral drugs or vaccines against this infection. However, many vaccines including inactivated virus vaccines, attenuated live virus vaccines, subunit vaccines, DNA vaccines, and virus-like particle vaccines have been tried. [10, 11] Inactivated virus vaccines are considered advantageous and promising. [12, 13] Virological analysis of the cases of HFMD has been infrequently done. This study has tried to identify the causative viral strain of HFMD for 3 successive years to assess the trends in molecular epidemiology.
Materials and Methods
Patients attending the dermatology outpatient department with typical clinical features of HFMD were included for the study after taking consent or assent. Cases were clinically diagnosed independently by two senior dermatologists. All atypical cases were excluded. Cases were then selected for virological analysis. Study was approved by Institutional Ethical Committee.
Cases of HFMD with classical presentation and having active oral lesions were selected during monsoon and postmonsoon session between July and November, in 3 successive years (2013, 2014, and 2015) .
A total of 62 samples of throat swab were collected from children who cooperated and in whom parents gave consent. Throat swab samples were assessed for viral detection within 2-3 days on the onset of manifestation. All samples were transported maintaining proper cold chain to the laboratory.
The main objective of this study was to document clinicoepidemiological profile of HFMD and molecular detection of circulating enteroviruses causing the disease.
Viral RNA isolation and detection
Swab samples were suspended in 1 ml phosphate-buffered saline in 15 ml sterile centrifuge tube. Supernatant was collected after centrifugation at 5000 rpm for 5 min at 4°C, and viral RNA was isolated using QIAamp viral RNA mini kit (Qiagen, Germany) as per manufacturer protocol from 140 μl supernatant.
Viral RNA was eluted in 50 μl elution buffer and stored at −80°C for future use. Enterovirus RNA detection was done based on 5' untranslated region of the viral genome by nested real time-polymerase chain reaction (RT-PCR) according to a previous Indian publication. [14] Complementary DNA (cDNA) from viral RNA was made using random primer using SuperScript III (Life Technologies, USA) according to manufacturer protocol followed by nested RT-PCR. A 400 bp PCR amplified product was observed in ethidium bromide-stained agarose gel under Gel Documentation system (BioRad, USA) for positive cases.
VP1-2A junction region was identified to distinguish EV71 and various strain of coxsackievirus isolated in our study participants. For that, cDNA was synthesized from Enterovirus RNA-positive sample with reverse primer 011 (5'-GCICCIGAYTGITGICCRAA-3'). The resulting cDNA was further amplified to the VP1-2A junction region using forward primer 040 (5'ATGTAYRTICCIMCIGGIGC-3') and reverse primer 011 (5'-GCICCIGAYTGITGICCRAA-3'). PCR condition involved initial denaturation at 95°C for 15 min, followed by 94°C for 1 min, annealing at 50°C at 1 min, extension at 72°C for 1 min, and finally 5 min at 72°C. A 458 bp PCR product was visualized under Gel Documentation system (BioRad, USA) for positive cases after ethidium bromide staining. Amplified PCR products were gel purified using the QIAquick Gel Extraction kit (Qiagen, Germany) and directly analyzed for sequencing. The sequencing reaction was carried out from both directions using the ABI PRISM BigDye Terminator Cycle Sequencing ready reaction Kit (Applied Biosystem) according to manufacturer's protocol. The sequences were determined in an automated DNA sequencer.
Results
Patients presented with round to oval papulovesicular eruption usually with an erythematous border on hands, feet, knees, buttocks, perioral, lips, and intraoral lesions over gum, tongue, and buccal mucosa [ Figures 1 and 2] . Extensive eruption involving larger parts of the trunk was also seen [ Figure 3 ]. Dribbling of saliva and difficulty in taking food were commonly complained in children who had prominent oral lesions. Vesicles healed without any complication in all cases in <7 days (5-6 days). History of involvement of other siblings was uncommon (only 5 cases, 8%). Males slightly outnumbered females each year. Average ages of the patients also did not show much variation. Severity of the disease as assessed clinically was almost similar in these years. Fever usually of mild degree (highest 102°C) was present during the initial 2-3 days and was much less common in 2015. There was no apparent correlation between fever of >100°C and a positive test. Clinicodemographic details of the cases have been mentioned in Table 1 .
Five cases had a previous history of HFMD during the last 1-5 years.
Of the total HFMD cases selected, viral RNA-positive cases were 64.51% (40/62) from clinically suspected cases [ Figure 4 ]. Six positive samples, 2 from each year (2013-2015), were sequenced using the protocol mentioned above [ Figure 5 ]. Among these, 3 samples (50%) were found to be CVA6 (accession No. KX499459, KX523849, and KX523851) and 2 (33.3%) were EV71 (accession No. KX499460 and KX5238450), and one (16.7%) was CVA16 (accession no KX523865). Multiple strains were characteristically present in each year; CVA6, EV71 were found in 2013, CVA6, EV71 in 2014, and CVA6, CVA16 in 2015. There was no correlation of viral strain and clinical severity.
Discussion
HFMD has been reported from many Indian states such as West Bengal, Kerala, hills of northern India, [15] Odisha, [16] Maharashtra, and Karnataka. [17] There are reports even from Andaman Islands. [18] Molecular detection of the prevalent viral strain is crucial. This infection is a new entrant in India despite its presence for many decades in many other neighboring Southeast Asian countries where it has started manifesting with great virulence. Unfortunately, only few Indian studies have attempted for virological analysis.
Various strains have been detected from the HFMD cases in India during the last few years. Another recent study that collected samples from different regions on India reported the presence of CVA16 (61.7%), CVA6 (34.04%), CVA4, and Echo12 (4.3%) among the 94 positive samples. [19] One past Indian study reported the presence of CVA16 from Karnataka among 50% of the positive cases (2 out of 4 cases). [20] CVA16 was also reported previously from cases of HFMD in Andaman island. [18] One multicentric study done few years back and collected sample from many states including West Bengal, the state where this present study is being done, reportedly found CVA16 in all those cases. [14] Our study however found the presence of multiple strains in this region.
Conclusion
This study showed that multiple strains of HFMD virus are presently circulating in this area. We understand that this is a small study and only limited number of samples has been sequenced for species identification. However, in-depth analysis of enterovirus is technically difficult and is expensive. There is significant lacking of studies performing virological analysis among the HFMD cases in India. As there is complete dearth of information on the changing epidemiological trend of the viral strains over the years from a specific geographical location in India, we expect that this study will serve the vital purpose of documentation of the etiological agents of HFMD in India and will be of great help for all future studies on this disease.
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What is new?
Multiple strains of HFMD virus are presently circulating in West Bengal. There is no apparent correlation between viral strains and clinical severity but frequent relapse might be due to the circulation of multiple strains. 
